Obesity is a well-known risk factor for type 2 diabetes, but few data exist on the association between weight changes and diabetes risk in non-obese subjects. This study aimed to investigate the effect of weight changes on the incidence of type 2 diabetes in Korea, using 51,405 non-diabetic subjects. Individuals who developed type 2 diabetes were more likely to be older and male, to have high body mass index (BMI), blood pressure, fasting blood glucose, and total cholesterol, to be current smokers and frequent drinkers, to be hypertensive and hyperlipidemic, and to have a family history of diabetes, compared to those without type 2 diabetes. Compared with the consistently non-obese group, there was a higher hazard ratio for incident diabetes (95% confidence interval) in subjects becoming obese [1.49 (1.26-1.77)] and remaining obese [2.56 (2.34-2.81)] after adjustment for confounding factors. Decreased BMI was significantly associated with lower risks for incident diabetes and the trends were more evident in the non-obese group. However, overall there was no significant association of increased BMI with incident diabetes. In conclusion, weight loss was significantly associated with lower risk for diabetes both in non-obese and obese Koreans, but particularly in the non-obese.
. The type 2 diabetes pandemic has been principally attributed to a global increase in obesity, a well-known risk factor for diabetes. Large randomized trials of lifestyle intervention have reported that weight reduction efficiently lowers the incidence of type 2 diabetes in prediabetic patients during the intervention [3] [4] [5] and at follow-up [6] [7] [8] . Thus, the current guidelines recommend that subjects with prediabetes should increase their physical activity, with a goal of 7% weight loss, as a preventive strategy for diabetes 9 . However, over 60% of Asians with diabetes are non-obese, even if the Asian criteria are used to define obesity (BMI ≥ 25 kg/m 2 , which is a considerably lower limit than the 30 kg/m 2 used generally) [10] [11] [12] . In addition, the Asia Cohort Consortium found a positive but rather weak association between BMI and diabetes prevalence compared to Western populations 13 , raising the possibility of ethnic differences in the efficacy of weight control for diabetes prevention. However, most studies have been conducted in Western countries with subjects of average BMI greater than 25 kg/m 2 when prediabetic; therefore, few data exist regarding the efficacy of weight reduction for Asian individuals, particularly for those who are non-obese.
Research Design and Methods
Study population. Korea has a compulsory national health insurance system that covers all Korean residents, and the National Health Insurance Service (NHIS) has provided universal health coverage since 2000. The NHIS established the nationwide National Sample Cohort (NHIS-NSC), which contains public health information, such as the participants' medical bill expenses claimed by medical service providers. A total of 1,025,340 subjects that were representative of the national population were randomly selected in 2002, which amounts to ~2.2% of the population, and were followed until 2013 14 . Proportionate stratified random sampling was conducted based on 1,476 strata. The data obtained for the cohort included insurance eligibility, medical care institutions consulted, medical treatments, and health screening data. The NHIS provides general health checkups and a cancer-screening program. All insured employees or self-employed persons aged 40 years and older, and their dependents can avail themselves of free health checkups at least biannually, and individuals above a certain age can undergo examinations for specific cancers at 10% of the usual cost.
From this cohort, we selected subjects who had received health examinations in 2002 and were re-examined in 2004 and 2006 and followed them until 2013 (mean 6.8 years, median 7.0 years). After excluding those who were diagnosed with diabetes mellitus prior to enrollment, 51,405 subjects were finally included and followed until the development of diabetes or the end of 2013. The patients who had developed diabetes during the study period were identified based on the prescription of antidiabetic medication under the World Health Organization (WHO) International Classification of Diseases (ICD)-10 codes E11-14 or fasting glucose level ≥126 mg/dL 15 .
Determinants of disease and demographic factors. The body mass index (BMI) was calculated by dividing the subject's weight by his/her height squared (kg/m 2 ), obtained during regular medical checkup programs. Systolic and diastolic pressure was measured at the same time. Serum samples for measurement of fasting glucose, hemoglobin, and total cholesterol (TC) levels were obtained after an overnight fast prior to each examination. Detailed histories of smoking status, alcohol consumption and physical activity were obtained via a questionnaire. Statistical analyses were conducted using the simplified status classification of smoking (no, past, or current), alcohol consumption (No & <1/week, ≥1 time/week), and physical activity (no activity, ≤4 times/ week, or ≥5 times/week). The subjects' socioeconomic status was categorized into two groups based on income level, which was dichotomized at lower 20% (<20% vs. ≥20%). Hypertension was defined based on ICD-10 codes (I10-13, I15), the list of prescribed medicine, or blood pressure above 140/90 mmHg 15 . Hyperlipidemia was defined based on at least one of the following criteria: a claim under ICD-10 code (E78), the list of prescribed lipid lowering agents, or serum TC above 240 mg/dL 15 . Obesity was defined by a BMI of ≥25 kg/m 2 . The Institutional Review Board of The Catholic University of Korea approved the study protocol (No. SIRB-0E224-004) and informed consent was waived because of the anonymous nature of the data. This study was carried out according to the ethical principles of the Declaration of Helsinki.
Statistical analysis. Statistical analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). Continuous variables are expressed as mean ± standard deviation when normally distributed, or median (5-95% range) when the data were highly skewed. Continuous variables were compared using Student's t-test or one-way analysis of variance (ANOVA), whereas categorical variables were compared using the χ 2 test. Variables with skewed distributions were assessed as continuous variables following log transformation. Cox proportional hazards analysis was used to calculate the hazard ratio (HR) and 95% confidence interval (CI) for the association of BMI category with incident diabetes. P < 0.05 was considered statistically significant.
Results
Of 51,405 participants included in 2002, 2,749 incident cases of diabetes were identified during the follow-up. As shown in Table 1 , participants who developed diabetes were more likely to be older and male, to have higher BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting blood glucose (FBG), and TC compared to those without diabetes. They tended to be current smokers and frequent drinkers (≥1 time/week) and to have lower rates of low income and higher rates of hypertension (HTN), hyperlipidemia, and a family history of diabetes. Factors associated with BMI changes are shown in Table 2 . After 4 years, 10.2% of the initially non-obese group had become obese (the "becoming obese" group), whereas 18.2% of the initially obese group were no longer obese (the "slimming down" group). Subjects that had become obese tended to be men, to have higher SBP, DBP, FBG, and TC, to be current smokers and frequent drinkers, to take less exercise, and to have a more frequent family history of HTN, and were more likely to have diabetes than the subjects that had remained non-obese. Conversely, subjects that were no longer obese were more likely to be women, to have lower SBP, DBP, FBG, and TC, to be non-smokers, to do more exercise, and to have a less frequent family history of HTN, and were less likely to have diabetes than the subjects that had remained obese.
The HRs for changes in BMI status for incident diabetes were also calculated (Table 3) . Compared with the group that had remained non-obese, there were higher HRs (95% CI) for incident diabetes in "becoming obese" [1.49 (1.26-1.77)], "slimming down" [1.86 (1.58-2.20)], and "still obese" subjects [2.56 (2.34-2.81)] in the analysis of 4-year weight change, after adjusting for age, sex, current smoking, alcohol drinking, exercise, income, HTN, dyslipidemia, and a family history of diabetes. When the data were classified into seven groups based on BMI, reduced BMI was significantly associated with lower risks for incident diabetes (Table 4 ; Fig. 1 ). These trends were more evident in the non-obese group than in the obese group; statistical significance was observed from BMI changes (−3%~−6%) among the non-obese whereas BMI changes >−9% showed significant association with ScIENtIfIc REPORtS | (2018) 8:3735 | DOI:10.1038/s41598-018-21550-3 the incident diabetes among the obese. However, there was no significant association between weight gain and incident diabetes except for a positive association in obese subjects whose BMI increased by 6-9%.
Discussion
The present study showed that weight loss was significantly associated with a lower incidence of type 2 diabetes than weight maintenance. In addition, even a slight loss in BMI (−3%~−6%) by non-obese subjects was associated with decreased incidence of type 2 diabetes versus obese subjects. When the association of change in obesity status and the incidence of type 2 diabetes was considered as a categorical variable, "slimming down" group was significantly associated with decreased risk of diabetes development compared to the "still obese" group, but the hazard ratio of diabetes incidence was still higher than for the "becoming obese" subjects who were lean at baseline. Conversely, there was a trend for weight gain to induce the development of diabetes; "becoming obese" and "still obese" subjects had greater risk of incident diabetes compared to "still non-obese" subjects. However, analysis of changes in subdivided BMI did not show clear association between increased BMI and new-onset diabetes, Large-scale clinical trials found that lifestyle intervention targeting weight loss efficiently reduces diabetes incidence in subjects with prediabetes: a 58% reduction over 3.2 years was shown in the Finnish Diabetes Prevention Study 3 , a 58% reduction over 2.8 years in the U.S. Diabetes Prevention Program (DPP) 4 and a 46.0% reduction over 6 years in the Da Qing study 5 . Follow-up of these studies revealed persistently lowered type 2 diabetes incidence, ranging from 34% to 43% between 7 and 20 years [6] [7] [8] . The role of pharmacological intervention has not been determined, but metformin, the most intensively studied drug, is reported to reduce the risk of developing type 2 diabetes in the DPP by 30%, which occurred alongside an average 1.7 kg weight loss, which explained 64% of its beneficial effects on diabetes risk 16 . Although observational studies have shown inconsistent results [17] [18] [19] [20] [21] [22] , data from intervention studies conducted in at-risk populations, such as those with prediabetes or the obese/overweight [3] [4] [5] 23 , have been more consistent in their outcomes. Consistent with our results, several studies found significant associations between weight loss and decreased diabetes incidence in the general population 17, 18 , questioning proper candidates for lifestyle intervention targeting weight loss, although controversial data exist [19] [20] [21] [22] . In addition, our results suggest that weight reduction may be more effective in lowering diabetes risk in non-obese than obese individuals. In this study, we found that weight gain was more likely to occur in men, to be associated with unfavorable metabolic profiles, including higher SBP, DBP, FBG, and TC, and to be associated with a history of HTN and an unhealthy lifestyle, including smoking, alcohol consumption, and less frequent exercise, than stable weight. Our data suggest that subjects who gained weight may be more insulin resistant than those who maintained the same degree of obesity. This finding is consistent with the study by Meigs et al. 24 , which found that metabolic risk was a separate and more important risk factor for diabetes development than obesity per se. However, the present study found no association between weight gain and diabetes incidence, which is not consistent with other studies 25 , although examination of the effects of changes in obesity categorization on diabetes incidence indicates the same trend. This discrepancy may be the result of the relatively short period of this study, giving insufficient time for the effects of cumulative weight gain to manifest. In addition, Wei et al. 26 reported that adiposity was more strongly associated with diabetes risk in young adulthood than in middle-aged adults, and speculated that older adults may not be affected by the relatively small increase in risk of diabetes following weight gain, because they are already at higher risk. Thus, an alternative explanation for the lack of association between weight gain and diabetes incidence in this study may be that we included middle-aged and elderly subjects.
In the present study, smokers tended to develop diabetes more frequently, which is consistent with the findings of a meta-analysis, which showed that current smokers had a 44% higher risk of developing type 2 diabetes 27 . A number of studies show beneficial effects of light to moderate alcohol drinking in diabetes prevention 28 , but frequent drinkers were more likely to develop diabetes in this study. We speculate that this discrepancy may be related to lack of information on the amounts of alcohol consumed, which prevents a separate analysis of light to moderate drinking, and to confounding factors, such as concurrent use of tobacco in alcohol drinkers, which Cox regression to evaluate the HR and 95% CI for incident diabetes by BMI changes compared to those with −3~3% changes. The multivariate model was adjusted for age, sex, current smoking, alcohol drinking, exercise, income, hypertension, dyslipidemia and a family history of diabetes. *P < 0.05. is commonly found in Asian subjects 28 . Unexpectedly, exercise seemed to be associated with new-onset diabetes in a simple analysis. However, the observed association between exercise and new-onset diabetes was likely to be caused by confounding bias of obesity, a well-established risk factor for diabetes; there was positive correlation between obesity and physical activity as shown in a previous nationwide cohort 29 and ours.
Mechanisms. The mechanism underlying the diabetes preventive ability of weight loss may be related to increased insulin sensitivity, thus delaying or preventing beta-cell failure. The reason why weight reduction has more prominent effect on lower risks for T2DM incidence in non-obese subjects and whether there are ethnic differences 30 .
Clinical implications. Based on our data, lifestyle changes aimed at weight reduction can be recommended.
For non-obese individuals, targeting a 3% reduction in BMI could be effective, and, for obese individuals, a reduction of more than 9% should be recommended over 4 years. More long-term studies should be undertaken to establish whether more ambitious weight reduction goals might be needed for obese Koreans and whether weight loss, even to a small extent, might be beneficial for non-obese individuals. However, caution should be taken in interpreting our data because the positive association between weight loss and lower incidence of diabetes does not necessarily mean that lean subjects are equally recommended to lose weight for diabetes prevention. In addition, although there was significant association between weight loss and lower incidence of diabetes in a dose-dependent manner, it is questionable that a larger reduction of BMI (i.e., ≥−9%) may provide the greatest benefit to lean subjects. Considering previous studies reporting that normal weight subjects with type 2 diabetes had a poorer prognosis following cardiovascular disease events and higher mortality rates than overweight or obese subjects 31 , further longitudinal studies are needed to determine the effect of weight loss on reduced diabetes risk and desirable weight loss target in non-obese subjects without raising health concerns such as cardiovascular disease.
Limitations. The strengths of the present study include the large sample size. Second, it was a prospective cohort study, which ensured a thorough follow-up. In addition, the database used was stable, as it is maintained by the government or public institutions involved in providing national health information 32 . Third, the data contain lifestyle and demographic characteristics, including smoking, alcohol consumption, physical activity, and income status, facilitating control regarding potential confounding factors.
However, the study has several limitations. First, there is no information on whether the weight loss was intentional, or how it was achieved, either by diet or by exercise. Furthermore, we could not exclude subjects with serious medical conditions from the weight loss group. However, as this was a large cohort and the stable weight group tended to be more regular exercisers than the weight gain group, it is unlikely that subjects with severe medical conditions would have biased the results. Second, the study period was relatively short, meaning that the results may have been different with a longer follow-up. Third, our data cannot be generalized to other ethnicities, as this study included only Korean subjects. Fourth, diabetes incidence could be underestimated. As the presence of diabetes was defined by based on the prescription of antidiabetic medication under ICD-10 codes E11-14 or fasting glucose level ≥ 126 mg/subjects with undiagnosed diabetes or those who did not visit a hospital during the study period could be omitted from these data. Fifth, there are possibility of selection bias. As subjects were enrolled, among adults who had received health examination and follow-up after two or four years, our cohort may include healthier and/or more health conscious subjects than general population. Lastly, there are no reports on quantified validation for the questionnaire variables such as smoking status, alcohol use, and physical activity. In conclusion, weight changes are closely associated with diabetes incidence in the Korean population. In particular, weight reduction was more strongly associated with reduced risk of diabetes in non-obese than in obese subjects. Further long-term studies are needed to validate the usefulness of weight reduction for the prevention of diabetes in the mostly non-obese Korean population.
